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10 August 1998 EOS-EDCN-1031
To: Distribution
From: C. Wilda

Subject: Transmittal of Excerpts from “Test Report for EOS—-AM1 Spacecraft Thermal
Balance Test,” VRD-130, 29 July 1998

Excerpts from “Test Report for EOS-AM1 Spacecraft Thermal Balance Test,” VRD-130,
29 July 1998, and associated presentation announcement are provided for your
information.

The LMMS point of contact is C. Wilda, who can be reached on (610) 354-1875.

Attachment ~ MODIS/MOPITT
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The attached Thermail Balancs Report contains comparisons of the analyticaily predicted test
{emperatures with the test temperaturs results. it also compares pre-test power estimates and
measurements with measured test powers (currents). [t is important that the thermal designers
review appropriate sections of the report and be satisfied with the comparisons becauss these
models will be used to make the LMMS launch and flight predictions.

On August 27, 1988 LMMS will provide e presentation and discussion of the report at the GSFC,
Buliding 16W, Room N76/N80, beginning at 8:00 am.

Archie Fitzkee, 301-288-3725

Pioase contact Tom Anderson at 301-286-1 188 with any questions.
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T/V Test Report
29 July 1998

1 SCOPE

This report documents the results of the Earth Observing System (EOS) AM 1 Spacecraft Thermal
Balance Test, including details on the correlation of the S/C Thermal Mathematical Model (TMM)

and performance of the Thermal Control Subsystem (TCS). See Figure 1 for the Verification Report
Form.

1.1 Test Item

The test item was the EOS—AM1 Spacecraft manufactured by Lockheed Martin Missiles & Space,
Valley Forge Operations. Part number 20008500G1. Serial number 27040X.

1.2 TP Title

This test report covers the set of EOS-AMI Thermal Vacuum test procedures of
TP01-TV20008500, TP02-TV20008500, and TPO3-TV20008500. These procedures primarily
spanned the time from January 30 through March 19, 1998 and were conducted in Valley Forge
Building 300. The Thermal Balance and TCS Performance testing was covered mainly during the
period from February 7th through the 13th.

3
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T/V Test Report

29 July
PERFORMANCE VERIFICATION
DOCUMENTATION
EOS—AM SPACECRAFT Page 10f2
VERIFICATION REPORT
ITEM: EOS—-AM]1 Spacecraft
MANUFACTURER: LMMS VF Operation
PART NO.: 20008500G1 SERJAL NO.: 27040X

LEVEL OF ASSEMBLY: [JCOMPONENT [0 EM [JMAJOR ASSY.
[J HOUSEKEEPING BUS SPACECRAFT
TYPE OF HARDWARE: [JQTM X PROTOFLIGHT [J FLIGHT [J SPARE

ps JL
JENGINEERING

REQUIREMENT(S) VERIFIED: _See Section 3

(State requirement(s) verified and
identify source)

VERIFICATION METHOD: [§l ANALYSIS 7 INSPECTION [J DEMONSTRATION X1 TEST
TYPE TEST:

1 COMPREHENSIVE PERFORMANCE 0J FUNCTIONAL PERFORMANCE @ TEMP.

0 MODAL SURVEY O MECHANICAL SHOCK

O STRUCTURAL LOADS X1 THERMAL BALANCE

O SINE VIBRATION O THERMAL VACUUM

0 RANDOM VIBRATION O LEAKAGE

] ACOUSTIC O MASS PROPERTIES

O ELECTROMAGNETIC COMPATIBILITY [ TEMPERATURE CYCLE

O ALIGNMENT O INTERFACE VERIFICATION
[0 FUNCTIONAL PERFORMANCE @ AMBIENT

[0 OTHER (explain)

VERIFICATION SUMMARY: See Section 3

(Summarize results of
verification)

-7

Figure 1. Verification Report Form
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29 Tul 109R

L7 oury 170

PERFORMANCE VERIFICATION

DOCUMENTATION
YERIFICATION REPORT (Continued) Page 20f 2
VERIFICATION PROCEDURE NO. See Section 1.2 ggy, DATE _ 7/29/98
[J INITIAL TEST
O RETEST ([ PARTIAL OR [JFULL; INITIAL TEST START DATE )
APPLICABLE TEST PLAN: PN-20005400
FACILITY DESCRIPTION: Building 300, East T/V Chamber
LOCATION: LMMS-VF
TEST LOG REFERENCE: Spacecraft Test Conductors Log Book & TCS log book
COMMENTS:
SIGNATURE:
DESIGN OR SYSTEMS ENGINEER: W DATE “F/20/9&
TEST DIRECTOR OR TEST ENGINEER:  _Motle. 0, Gyun DATE - /30/

QUALITY ASSURANCE REPRESENTATIVE: %’k&.&;{/-;ﬂ% DATE 7/3¢ (Y&

Date (add time

for thermal Ambient Temp/ Note beginning and end of actual activity, devi- | Failure Repon
tests) Humidity (°C, ations from the planned procedure, and discre- |Number and Date
RH) pancies in test performance. (if applicable)

See Section 3

|
|
1
|
|
|
ﬁ
|

( use additional paper as required )

The activities covered by these reports include analyses, tests and measurements performed for the purpose of
verifying the flightworthiness of hardware at the applicable level of assembly.

Material necessary to clarify this report including copies of Design Notes or test/inspection data shall be attached.
Test logs and data should be retained by those responsible for the test item in accordance with the provisions of the
Performance Assurance Implementation Plan.

This report does not replace the need for maintaining complete logs, records, eic.: it is intended to document the

implementation of the verification program and to provide 2 minimum amount of information as to the
performance of the test item.

Figure 1. Verification Report Form (Continued)

~
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T/V Test Report
29 July

2  APPLICABLE DOCUMENTS

The documents referenced herein form a part of this report as specified. In the event of conflict
between this report and the referenced documents, the referenced documents shall govern.

2.1 LMMS Documents

PN20005404 Verification Plan EOS—-AM1 Spacecraft (VRD-100)

PS20005404 Verification Specification EOS-AMI1 Spacecraft
(VRD-100)

PS20008549 Performance Specification, Thermal Control Subsystem
EOS-AMI1 Spacecraft

20048678 Requirements and Implementation Plan, Heat Pipe
Leveling

2.2 LMMS Test Procedures

TPO1-TV20008500 Test Procedure, Thermal Vacuum Set—up for the
EOS-AMI1 Spacecraft (VRD-140)

TPO2-TV20008500 Test Procedure, Thermal Vacuum for the
EOS-AMI1 Spacecraft (VRD-140)

TP0O2-TV20008500 Test Procedure, Thermal Vacuum Tear-Down for the
EOS-AM1 Spacecraft (VRD-140)

TP-HV20008500 Test PRocedure, EOS—-AM1 Heater Verification

2.3 LMMS Memos

EOS-PWR-556A HCESA Battery Cell Temperature Anomaly
PR-2967 and PR-3084, ADR-178143

EOS-TH-898 HCE2A Telemetry Out of Tolerance
PR-2688, PR-2725, PR-2891, and PR-2933

EOS-TH-893 Propulsion Module Propellant Lines

24 Other Memos/Correspondance

2103-009/WCP-001 SWALES memo re Thermal-Optical Measurements of
EOS-AM Flight Parts
JAROS Letter July 23, 1998 Comments on the Results from TV Testing
DCCO7 502 § -
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T/V Test Report
29 July 1998

2.5 Documentation Source

Source: Lockheed Martin Missiles & Space

Valley Forge Operations
P. O. Box 8555
Philadelphia, PA 19101

3  TB TEST REPORT

See Attached Vugrapph presentation package.

9 DCCO71594 -
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EOS-AM Spacecraft
Thermal Balance Test

Thermal Model Correlation/Analysis &
Thermal Control System Performance Results
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Introduction

V4
ya
LOCKHEED MAR r.'.-.'hf/
e Tho FOS_ /l T Al Unninim/!/Tharmal Ralancra Tact ITYI/ITRY wae narfarmaorl in thao [allavy pnl‘ﬂe
T V10 b W I'\ Vi i \J III I vdauvuuliily itiginial waidilivco 1Tol \l vl IJ' Wwao 'JGI IVIIIICU 11 JIC vy « viy
39' West TV Chamb er from February 1st 1998 to March 17th 1998
* The goals of the test were basically:

— Perform comprehensive S/C sv
vvlll BN, B I I W N WF W I

tempelatures

— Perform Thermal Balance Testing of the S/C to allow the correlation of the S/C Thermal
Mathematical Model (TMM)
— Complete component/system

e This Vu—qaran

h nracantatinn cnvare tha Tharmal Ralanaa/TMM ~nrralatinn nart of tho tact ac wall ag

LN R E~ yi "l o pieolniidulrn COVers uie neimal oaiannCe/ 1wavi CONTSiaulii pdit Ul Uit 1Cowv as Wwoil oo
\ the evaluation of the Thermal Control System (TGS) Perfgrmgnce testing.
* Serious planning for this t

ever performed at a LMMS facility.

* For the test, the EOS-AM S/C, without the Solar Array and HGA, but otherwise configured for flight,

was mounted horizontally in the chamber. Spatlal enwronments were S|mulated on all sides using a
variety of methods 'v“hich included, chamber LN2 walls, calrod heaters, brine—ch
plates with resistance he

iHard Aanld mlatne and
alcl o, orine—Cninea GG

piaies, aru
aters. Ovel 60 power supplies were used for Calrod and heater control.

* The flight temperature telemetry was supplemented by almost 600 T/Cs hooked up to an RTM-driven
data system Data management of this huqe volume of information wa
dedicated NASA PC'’s.

s facilitated by the addition of 4

* A thermal test team from NASA, LMMS, SWALES and J&T provided round-the-clock support,
ensuring an incident-free & successfui thermai test.

EWG -3



LOCKHEED MAHTIN%

Introduction

TB Test Overview

FPost—Test Activities

Thermal Model Correlation Results
LCS Hardware Performance Review

\
- Conclusions/Recommendations

EWG -4



TB Test Overview 4,
~ - LOCKHEED MARTIN _f
\Y 1 ~

» Test was conducted in Lockheed Martin's Valley Forge West 39’ thermal vacuum chamber with S/C
mounted on modified UARS METS fixture.
— Horizontal "Instruments down” orientation
— Twenty-three thermal control "zones” located around S/C allowed high resolution in reaching
different quaiification temperature levels.

~—Tolal of 64 150Vdc/13 amp power supplies locale
quard heater contro

i AV A V]

ol
-~ \!elgéitv direction waq ;:!.a...Le.r North.
ing operations (20048678)
. Externally controlled jacks available for adjustmg S/C to ensure 1g heat pipe operation.
» Four TQCMs and two CQCMSs to monitor outgassing levels.
. Zéro-—Q guard heaters mounted on harnesses and critical MGSE equipment
. l:_la/(l)“tnosgraphs were taken during set-up in the chamber and post-test and are available on file at
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f\l\"' r\l\lﬂl"=ﬂl II‘Q‘\"‘:A“ P /
fest Configuration

Test set-up performed via TP01-TV20008500
Major differences between Test Article and flight configuration include:
—~ Solar Array not installed.

— High Gain Antenna not installed, but was elsewhere in chamber with separate thermal control
zones for reaching qualification temperatures.

— Separation devices (NEAs) not mounted
— ESH target mounted on ESHs

Test performed via TP02-TV20008500.

Hot and Cold thermal balance plateaus were designed to simulate the worst case expected variations
*" in orbital environmental conditions. S/C simulated normal on-orbit Science mode continuously
during both plateaus.

~« Instruments operated in Science mode to allow use of GSFC delivered RTM's in correlation analysis.
— Santa Barbara provided MODIS LN, and GHe targets for cryo—cooler sinks.

+ Heater Verification plateau verified heater sizing & duty cycle in simulated worst case BOL
environment (TP-HV20008500).

— S/C operated in SAFE mode.
» Thermal model derived from latest S/C model (V6) used in last analysis.
— Radiator areas derived from detailed thermal models.
— Granularity added pre—test to match thermocouple/TSA locations.
— Component dissipations based on pre-test IPTL survey.
~ TIR/MODIS MLI tent TRASYS correspondence error has been corrected post—TV.

EWG -6



TB Test Overview
Test Profile
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f Prime Orbits, Power Profile  Redundant Orbits,Power Profile CPT, Spec
Test
Event Desciiption Event Desctiplion Event Description
literval interval Interval
a-b | Pumpdown k- Cool to Cold #2 u=v | Pri Trans Tol {Hol {f4)
b-¢ | Wann to Bakeont l-m | Prlmo O1bs (Cold 112) v-=w | Spec Tests (Hot /14)
¢~ Bakeout (Allveness) m-n | Pwr Piofile (Cold #12) w-x | Red CPT (Hol #14)
d-e [ Coollotiol 1B n-o {Warmlo Hot #3 X-y Red Trans Tol (Mot #14)
e-| Hot Thermal Bal o-p | Red Oibs (Hol #13) Y-z Coolto Cold fi4
' 1-g | Coollo Cold 1B p-q | Coollo Cold #13 z-aa | Prime CPT (Cold #4)
g-h [ Cold TB q-r | Red O1bs (Cold #3) aa-bb | Spec Tesls (Cold //d)
, h=l Healer Verification - Pwr Prolile (Cold #13) bb-cc | Red CPT (Cold it4)
1) Warm to Hot #2 s-t | Wann o Hot #i4 cc-dd | Warm to Decontam
-k Prime Oibs (1ot 112) 1-u Prime CPT (Hot f14) dd-If | Deconlam & Ventback
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* For future reference in the body of this report, the critical test phases and approximate completion
(date and time) are shown below:

TEST PHASE COMULETVION

LOCAL GM1
DATE TIME DATE TIME
ISTART PUMDP DOWN | 1-Feb | 1130 1-I'eb 16:30
CHAMBER PURGE #3 Z-f'eb 03:19 2-Ieb 08:19
BAKLE-QUT 4-Iehy 21:35 5-Feb (2:35
HOT TB #1 A HE LR 23:35 8-teb 04:35
FIOT TB #2 8-leb 07:30 8-Feb 12:30
y COLD T §-fieb 35:35 10-Fely 04:35
HITR VERIFICATION 12-Yeb 00:45 12-T'eb 05:45
FIOT CYCLE #2 13-Ieb 16:20 13-Feb 21:20
}_OLD CYCLE # ylfl-l‘eb 23:35 | 15-T'eb 04:35
A {HIOT CYCLE #3 16-Feb 11:55 | 16-Feb 16:55
K_OLD CYCLE #3 . 18-T'eb 3:30 18-Feb 08:30
HOT CYCLE #i4 T Mar T R 4-Mar 19:57
F_OLD CYCLE 4 14-Mar 18:00 14-Mar 23:00
DECONTAM 16-Mar 15:31 16-Mar 20:31
CHAMBER @ AMDB 17-Mar 10:28 17-Mar 15:28

e. Cold Therma! Ba!ance used in correlation: 2/10/98 @ 04:35GMT
- Li8ae \lmaal Ym0 R R . . — - Pt o e, s e = me e = = o
* Hir Verification Test completed: 2/12//98 @ 05:45GMT
AA7S
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TB Test Overview o L”K,,”DM”,,N}//’/'
Thermal Control Instrumentation -

e

Approximately 600 T/Cs were utilized to monitor S/C, S/C GSE and environmental temperatures. At
the end of the test 15 registered as open circuit, and subsequently another 10 were assigned as
"questionable” due to inexplicable temperatunes

The EOS AM S/C "Test Article” was instrumented with approximately 440 TC'’s (mstalled during 1&T
assembly phase).

Flight telemetry sensors also used to prowde correlation data.

— TC’s localed to verify heater control setpoints and telemetry sensors.

— Correlation between TCs and flight sensors discussed later.

At least two TCs per zone used for feedback and manual control of cal rod arrays.

T/Cs on METS and other support structures, Chamber Walls, Targets, and auxiliary cold plates.

Two inclinometers mounted on S/C to measure levelness before and after_transition to cold wall. Each
inclinometer provided T/C and heater to maintain inclinometer near ambient temperatures.

Heaters and T/Cs mounted on externally controlled jacks.
Heaters and T/Cs mounted on four TQCMs and two CQCMs.

Guard heaters and TCs used mounting interfaces to minimize conductive heat leaks thru METS and
HGA mounting structure.

Guard heaters and TCs used on harnesses to minimize conductive heat leaks.

Hard and soft copies of all T/C data is on file at LMMS. Power supply voltage settings throughout the
test are part of TP02—-ENV20008500.

EWG -9



t

TBTeStoverVieW | LOCKHEED MABTIN}Z//
Thermal Control Zones :

» Temperalure Goals based on equivalent sink of bounding on—orbit environmental fluxes.
— +/-Y, =X, —Z used tubular ceramic heaters (cal rods), which provide calculated incident fluxes on

S/C surfaces, with minimal blockage of view to cold shroud.

~ — Gonlrolled using Equivalent Sink Detectors (ESDs) '
— —CSP and TIR required local +Y Freon plates due to blockage of view to cold wall by METS

— +Z (Earth) sink controlled using combination of flat Freon (Earth) plate with 19 vertical black
painted aluminum plates (facing S/C) and Kapton heaters on side facing chamber wall.

~ +X sink controlled using vertical black painted aluminum plates (mounted on shroud facing S/C)
and Kapton heaters on side facing chamber wall.

e All surfaces painted black for high emissivity.
» Each cal rod array was modelled separately in TRASYS as flat surfaces with 0.99 emittance.

Q.Each +Z and +Y Freon plate and +Z heater plate was modelled separately as black painted surfaces

" (e=0.95).

" All zones modelled in SINDA as boundary nodes held at temperature indicated by ESD data from
each balance plateau.

» Conductive interface to METS not modelled since guard heaters worked extremely well to eliminate
these losses.

» Excellent zone temperature stability achieved throughout Thermal Balance Test Phases (see

following pages)

High resolution in achieving desired temperatures.




TB Test Overview
+Y Thermal Control Zone

LOCKHEED MARTI

i
NI

-90

{ Goal: -90 -97 |
u SD
TC# HOT1 HOT2 COLD [ TC5H28 not used due to "short” cal rod array. J <
500 -78.8 -78.8  -78.9 NN\\{ Radiator area
510 -78.7 -78.8  -78.8
‘ [} I - |
o, . -2rb -9l [ PY_BATT,2 }Z===[BY_REM{,2 |=—=| PY_SEM1,2 =2
513 -4t -368 927 : SN T n >3 I 4y [PY_CEMI2 |
DN IN RN i : e e e A 7 e 527 |
516 -854 -854  -91.8 AVNIN \Q\ N(EH 520 [Fee D R e TS i Idg
517 -84.3 -840  -90.9 511 INIRILE12 | Wi e CBINRN e
518 ~-83.0 -82.8 -88.4 N "}§\\u;\' ; | ‘ﬂ 556 N \ N,
‘b NN \\ \.':‘.”& 1 ; i ot s e ‘ tl gtgﬁg ; #e
521 -86.8 -86.6  -94.0 \i PY TCP1,2
. S B 634 533 | 532 531 % i
522 -81.1  -81.1  -B88.2 N 528
523 -86.9 -86.8  -93.7 N{ 529 ,
N B PY_MCP3
525 -84.6 -845  -90.4 D —Hn \f 609 AN 2 =m0
526 ~86.9 -86.8  -93.4 |-Li g 510 Bl ¥
527 -821 -820 -87.6 A G '1;@'
1 ;j '1*
[528 —113.6 —113.8  -93.0 b——q' 536 — = Ul
529 —88.7  -885  -75.8 G. ::;% 517 537 S ey
: Atartd T Freon Plates
531 -86.9 -86.8  -91.9 | gtk 13% 535 Hiy TCs shown are lo- 7
532 ~-83.0 -82.9 ~B9.4 repnall 518 |p cated on Freon <
533 -81.9 -81.7  -88.9 %i!w L B | plate mounted on  |©
535 -87.9 -88.0  -93.4 (5 CasTo | PY_MCP1,2 p coldplate.
1 — ’
534 -835 -831  -89.1 y “ g /
& . /M '/
536 ~78.6 -78.6  -78. N Wing & Earth plates r
537 =788 =789 -79.0\{] ["M. mLshown ; yd .
N A .\. 4 .’ 1 v
NN Sy S S il
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TB Test Overview
—~Z Thermal Control Zone

7 o B e PN N ———————— S, W ESD Goal: 56 56 -103
’ 2B ) N change) -25  -25 -40
: :‘\\X\ Radlator area §SEM)g 18 15 _30
i TC# HOT1 HOT  COLD
4 539 259 -26.2  -43.1
K 540 278 -27.9 —46.2
R 541 248 250 -42.5
5 L 542 —-16.6 -16.6  -36.6
| ' 543 -26.4 -26.7  -40.6
oy 544 -36.2 -36.2  -54.1
SESND “[z_pein.z MZ _SEM1,
I B o e 545 242 244  —41.0
PRl i 546 -17.7 -17.8  —37.2
N : 547 -125 -126  -32.7
: 539 | -
! o (548 3636 2161
ISKE 541 549 0656 257  —42.1
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TB Test Overview 4
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Post-Test Activities LOCKHEED MARTI "’//’/
Radiator Areas

» Measured all EM radiator areas in high bay after thermal vacuum testing and compared to thermal
installation drawing requirements.

* Radiator areas were installed within 5% of drawing areas except for Sensor EM +Y (+11%) and -Z
(+20%) radiators (drawing did NOT include changes made at Sensor TVAC, but hardware was
correct).

» Radiator areas were modelled pre—test within 3% of measurements, except for Sensor EM (above),

Comm EM (SCC1 only), and PBAT.

All radiator areas have been updated to measured dimensions.




Post-Test Activities
Thermo-Optical Properties

A
LOCKHEED MARTIN%

 Silver Teflon (AgTef) radiator material and MLI outer layer (Alum Kapton) material normal emittance
were measured post-TV by the Swales Aerospace Thermal Coatings Group.

— Using above measurements, normal emittance was found to be slightly less than pre-test values:

Pre-Test Measured
Material Value , Value
AgTef 0.80 0.76
MLI (AlKap) 0.75 0.72

w\. Documented via Swales memo 2103-009/WCP-001, 04/27/98 (see attachment # 1)
 Properties have been updated in TRASYS.

These new values will be used for on—orbit analysis.
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Key to the correlation effort was the ability to accurately determine individual component (including
Instruments) dissipations.

* The dissipation for most of the SIgmflcantly dissipating S/C components was able to be determined
from S/C telemetry

» Current telemetry data used where available to determine input power to boxes. For the most par
this data was relatively simple to retrleve S/C bus voltage was assumed to be 120V (actuai voit g‘

variod danandinces Aam Aviit aanditian
VAaIicu uU'JGIIUIII‘L_’ Vil VIMIL \.rUIlUII.lUIII
a | necac i I~ amd il ~8l .J-;-....,.. . ORI B 14 a. e.q.:
Y UVOOTO Iil HUATO Lliidl iU ULUHIRTo Ueieriii u::u Ublllg HWUA lb'bl adt C.Y..
—~ BPC dissipations based on bus (or battery discharge) loads and 93% efficiency.

— PSU and IRU similar, as are all EPCs.
v Battery cell dissipations based on P, V, and | telemetry similar to W/H BBAT TB Test correlation.

— SSU dissipations based on EPC input and total SA load telemetry.

+ If current telemetry not available, dissipations based on box test data.
« "Orbit Average” determined using Lotus spreadsheet for boxes with duty cycle
| Values to use for mission predicts will be update based on values g

measured during test l
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CERES Correlation Results

Model Configuration

— CERES AFT & FORE models: Version 6 Hot Case.
— Selected Crosstrack mode for CERES FORE

- Selecled Safe mode for CERES AFT

Model Changes

—

Implemented closed covers on Sensor Head

Distributed Space couplings among thermal vacuum sinks

Activaled Model Heaters

Eliminated impressed Solar flux on sensor head nodes (beneath closed covers)
Correcled sink couplings to node 41006 (CERES AFT)

To compensate for coarse model granularity in the reduced thermal model, ATs (LaRC supplied)
were added to model-produced temperatures for specific temperature telemetry points as shown:
~~TT005/TT035 GE#_TR_TTSEA add 12 °C to predict

—~TT014/TT044 CE#_TR_TDADC add 21 °C to predict

—~—TT020/TT050 CE#_TR_TIPRO add 7 °C lo predict

~=TT021/TT051 CE#_TR_TIADC add 18 "C to predicl

where #f = F for FORE or A for Alt

FWG@G - a1



CERES Correlation Results

/l
LOCKHEED MARTIN%

— Reduced power dissipations by 2.0W (Applied factors of 0.9622(F) & 0.9602(A))

CERES FORE (CROSSTRACK MODIY)

CERES AT (SAIFE MODE)

NODI Q old Q correl NODE Q old Q correl
(W) (W) (W) (W)
40001 17.25 16.00 40001 16.14 15.50
40011 0.62 0.60 40011 0.62 0.60
40013 2.00 1.92 40013 [.40 |.34
40018 5.30 5.10 40018 5.30 5.09
40012 2.17 2.09 40012 2.17 2.08
40014 2.40 2.31 40014 1.40 [.34
40015 11.00 10.58 40015 11.00 10.56
\ Y 40016 0.20 0.19 40016 0.20 0.19
40017 5.70 5.48 40017 5.70 5.47
40019 0.10 0.096 40019 0.10 0.0906
40024 6.22 5.98 40024 6.22 5.97
Total 52.96 50,96 Total 50.25 48.25
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CERES AFT Correlation Results

A

LOCKHEED MARTIN

SEHSOR DESCRIPTTON I

CORRELATION RESULTS FROM
CASE 1 HOT2 DALANCE PLATEAU

GrOUy 13 13 CERES-A TIM

TEST

| PREDICT |DELT P-T | FLAG

————————————————————— ¥ ———— +=
TRO3L CEA_TR_TSTOT 37.3 37.9 0.6
TTO32 CHATRTSSY an.o 37.9 -0.1
1033 CEATRISLY 37.6 37.9 0.3
T34 CEA_TR_TSMOD 19.80 20.0 0.2
1035 CEN_TR_ISEA 31.4 20.2 ~3.2
TT0O36 CEA_TR_TESPC 16.4 15.9 -0.5
TP037 CEA_TR_TELBC 10,7 9.3 -1
TTOIB CHA TRIESPM 17.3 15,9 ~i.4
TP039 CEA I TELRM 10.4 11.2 0.8
TTOAO CEA_TR TERAD 7.0 5.3 ~1.7
1041 CEA_PR_TECA 9.9 8.5 -1.4
TT042 CEA”'TRTDRAD 10.9 9.3 -1.5
TT043 CEA_TR_TDPRO 12.9 10.3 -2.6
044 CEA_TRCTDADG 30.0 31.3 1.3
1045 CEA IR TAZBY 9.6 7.7 -1.9
TTO49 CEA_TR_FIRAD 1.0 5.0 1.0
TTOS0 CEA_TR_TIPRO 13.2 12.0 -1.2
TTOS1 CEAZTR_PIADC 24.6 23.0 ~1.6
OS2 CEA_TR_PPED2 5.4 0.5 3.1
TIO53 .CEA_TR_TPCA 9.9 10.5 0.6

HUMBER OF VIQLATIONS = 1

STATTSTTICAL ANALYSIS

GROUP -~ ALl

AV DELTA -

GRroup

SENSOR DESCRIPTION
_______________________ '_._..—..___._....-4— 'A_._.______.._. _—-—_—_—.‘—A .__—_._

Tr031
Trol2
1033
Tr034
TT035
17036
"ro37
"ol
039
Tro40
TT041
1"ro42
7043
TTro44
TTo45
049
TTro5s0
oSt
Tre52
1TT053

CEA_TR_TSTOT
CEA_TR_TSSHW

CEA_TR_TSLY

CEA_TR_TSMOD
CEA_TR_TSEA

CEA_TR_TESPC
CEA_TR_TRLIC
CEA_TPRCTESPM
CEA_TR_TELDM
CEA_TR_TERAD
CEA_TR_TECA

CEA_TR_TDRAD
CEA_TR_TDPRO
CEA_TR_TDADC
CEA_TR_TAZBU
CEA_TR_TIRAD
CEA_TR_TIPRO
CEATTR_TTADC
CEA_TR_TPED2
CEA_TR_TPCA

TLM

| pREDICT |BELT P-1 | FLAG

f 13 11 CERES-A
| TEST
37,9 37
37.8 37
37.9 37
15.1 16
24,5 24
10.5 11
4.8 5
11.9 1
4.3
1.1
4.8
6.0 5
8.3 6
25.1 27
4.0
-3.4 1
7.2 g
10.9 10
3.2
3.2

HUMBER bF VIOLATIOHNS = 4

GROWP

AV DEI

STATISTICAL ANALYSIS

= AL

TA

0.7

STANDARD DEVIATION =

NN REONNN RO NSNOS AV OW

S A WS

NN S UIRS D

1.6
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CERES FORE Correlation Results coerners waniTil

o Temperature Comparison Test/Predicts

CORRELATION RESINNS FROM CORRBLATION RESULTS FROY
CASE L HOT?2 BALANCE PLATEAU CASE 2 COLD BALANCE PLATEAU
GROUI § 12 12 CERES-F TLM GROUP § 12 12 CERES-F TLM
SlHsOR m SCRIPIION | st | eREbLCT IDH'l‘ P |oELaG SEHSOR DESCRIPTION | TEST | PREDICT IDLLT p-7 l FLAG
e e e e e s | e e e foomm et o e I e e e e e e e e e — | Y, o e e e e — e
TEOOL CRE_IR_TSTOT 37.9 38.0 0.1 TPO0Y CEF_TR_TSTOT 37.9 38.0 0.1
TTO02 CEF TRFSSW 37.9 38.0 0.1 TrO02 CRE_TR_TSSHW 37.9 36.0 Q.1
TSI 37.9 38.0 0.1 TPO03 CRE_TR_TSLW 37.9 8.0 0.1
1 TRTTSHOD 23.7 26.5 2.8 TT004 CRF_TR_TSMOD 22.0 24,7 2.7
0% CPRTISEA 313.8 36.3 2.5 TEIOS CEFP_TRTTSEA 32.0 3.1 2.1
TPO0G PR_TESLPe 20,5 24.1 1.6 TI006 CRFTRTESPC 10.4 21.8 3.1
PrOOT CRE L 15.5 18.2 2.7 TIO07 CEF_TR_TELDC 13.2 16.2 3.0
TIO08 CEF_TR_TESPH 21.3 24.1 2.8 Tr008 CEF_TR_TESPM 19.4 21.8 2.4
TI009 CEF_TR_TELAM 15.5 20.5 5.0 * 11009 CEF_TR_TEILBM 12.9 10.4 5.5 *
TT010 (r‘F‘ TR 'I‘E‘Rl\l) 12.4 15.0 2.6 17010 CEF_'TR_TERAD 9.6 12.6 3.0
\ o1 (rl' ’IR TRCA 17.0 1a.1 1.1 TPO1Y CRF_TR_ TYECA 14.6 15.8 1.2
: TIOLY CEFCPRCTDRAD 15.4 18.2 2.0 TT012 CEF_TR_TDRAD 13.0 16.2 3.2
O TR_TOURO 17.0 19.4 2.4 TTO13 CRF_TR_TDPRO 14.9 17.3 2.4
014 PRTDANC 35.5 40.4 4.9 TFOLA CEF_TR_MDADC 33.5 39.3 4.8 ,
TS TR_TAZBU 14.9 15.9 1.0 TI015 CRF_IR.TATRU 12.4 13.9 1.5
16 ARV VAR 1.6 15.9 1.3 TTOL6 CEF_TR_TAZDL 12.1 13.9 1.8
a9 TROTIRAD 11.3 13.5 2.2 TT019 CEF 'm TIRAD 8.3 11.4 3.1
020 CEFTR_TIPRO 19.2 20.5 1.2 Tr020 CEF_TR_TIPRO 16.7 18.4 1.7
TT021 CRF_TR_ TPLADC 31.1 31.5 0.4 Tro21 (‘[.F TR_ TTIADC 27.9 29.4 1.5
TTO22.CRF_TR_PPED2 12.1 16.3 4.2 1Tr022.CEF_TR_TPED? 9.4 14.4 5.0 *
Tro23 iy TR _Teea 16.4 18.0 1.6 1Tr023 CRF 'm Tpu\ 14.0 16.3 2.3
024 CRE_UR_TPCARD 17.0 18.0 1.0 1024 CEF_TR_TPCARD 14.6 16.3 1.7
HUMBER OF VIOLATIONS = 5 HUMBER OF VIOLATIONS = 6
STNTLSTICON, ANALYS1S STATISTICAL ANALYSIS
GROUD = ALl GROUP = AL
AV DEITA = 2.1 STAHDARD DEVIATION - L5 AV DELTA - 2.1 STANUDARD DEVIATION = 1.5
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CERES Correlation Results

LOCKHEED MAHTIN%‘/

* Power Balance (W)

Measurcd Orbit Model Pre-~Tlest Model Post Test Model Post 'I‘es} I\;Iodcl
Average ! Component Dissipation 2 Heater Iistimate
gt (3 2l . m , 3
Instrument Hot'I'B Cold TB Juin-90 TB.hot TB.cold TB.hot I'B.cold I'B.hot 3 I'B.cold
AP 49.8 47,9 53.0 53.0 48.3 48.3 2.8(2.7) 3.4(3.0)
FORE 52.6 51.1 53.0 53.0 51.0 51.0 1.6(1.8) 1.9(2.2)
Total 102.4 99.0 96.0 106.0 106.0 99.3 99,3 4.4(4.5) 5.3(5.8)
Note 1 See data at end of Instrument correlation section ' ina "Dissipation”
Note 2 [Does not contain heater power eslimale, i.e., to calculate total power in model, add the corresponding "Dissipation
and "IHealer Estimate” columns.
Note 3 Measured values from test telemetry in parentheses

* Discussion of Results CERES AFT
v+ — With the addition of the ATs, excellent agreement between model and test has been achieved:

——Hol'TB :Mean AT = -0.5 'C, slandard devialion <2 ’C, and with all individual ATs <3 °C
——Cold TB: Mean AT = -0.7 °C, standard deviation < 2 °C, and with all individual ATs < 4.5 °C

— The impressed dissipation alongwith predicted heater power exceeds thg measured power by
1.3W in Hot TB and 3.8W in the Cold TB. It is believed that further "tweaking” of the model internal
dissipation would reduce these AQs to within the uncertainty range of the measured values.

 Discussion of Results CERES FORE
— With the addition of the ATs, good agreement between model and test has been achieved:
~—Hot TB :Mean AT = +2.1 ’C, standard devialion < 2 °C, and with all individual ATs < 5.5 °C
—~Cold TB: Mean AT = +2.4 °C, standard deviation < 2 °C, and wilh all individual ATs < 5 °C
— The impressed dissipation alongwith predicted heater power exceeds the measured power by
1.8W in the Cold TB, and is identical in the Hot TB case. These are within an acceptable ranges.

l Both CERES AFT & FORE RTMs verified '
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MISR Correlation Results

* Model Conliguration
— MISR model: Version 7 Hot Case.

— Operational (Science) mode selected
» Model Changes

— Distributed Space couplings among thermal vacuum sinks

— Converled variable sun/eclipse dissipations lo orbit average values (no changes to delivered

dissipation values)

— Activated Model Heaters

—-21.3W I-lol case heater power
——28.0W Cold case heater power

v'TeIemetry Changes

-~ Eliminated telemetry points with erroneous calibration curves:
——1T069 MIS_TP_OBMY
——1T070 MIS_TP_OBPY
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MISR Correlation Results

e Temperature Comparison Test/Predicts

CORRELATION RESULTS FROM
CASE 1 11072 BALANCE PLATEAU

GROUP # 14 14 MISR TIM

SEHSOR DBSCRIPRION | 78St | PREDICT |DELT p-t | FLAG
—————————————————————— e e e
TEO61 MIS_TR_SYSPSA 15.6 16.1 0.5

TIO62 MIS TROSYSPSH 7.2 8.1 0.9

TIO63 MLSTPPTELRADPX -5.6 4.1 9.7 *
TrO64 MLS_PRTELRADMX 9.0 7.5 -1.5

TFO65 MIS_TPTECRADMX -8.2 -1.3 6.9 *
TT066 MIS_TRTECRADPX ~1.8 1.4 3.2

TTO67 MIS_ TR_MTRCOV ~0.5 -10.8 -10.3 *
TEO7] MLS_TR_OBCOHTR 5.0 7.3 2.3

Tr074 HIS TR_OB 4.7 7.3 2.6

HUMBER OF VIOLATIONS = 3

STNITSPICAT. ANALYSIS

GROUP = ALL
AV DELTA = 1.6 STANDARD DEVIATION = 5.

~

CORRELATION RESULTS FROM
CASE 2 COLD BALANCE PLATEAU

GROUP K 14 14 MISR TIM

SENSOR DESCRIPTION | tEST l PREDICT |DELT P-T | FLAG
________ e Ao et Sinie
061 MIS_TR_SYSPSA 12.0 12.4 -0.4

TT062 MIS_TR_SYSPSB 3.6 4.4 0.8

TT063 MIS_TP ELRADPX -9.8 0.1 9.9 *
TTO6d MIS TR ELRADMX 6.8 3.8 -3.0

TT065 MIS_TPTECRADMX -3.5 -4.7 -1.2

TT066 MIS_TRTECRADPX -9.8 -1.7 8.1 *
TT067 MIS_TR_MTRCOV 0.8 ~8.0 -8.8 *
TTO71 MIS_ TR OBCONTR 1.9 4.7 . -0,2

TT1074 MIS TR 0B 4.4 4.7 0.3

NUMBER OF VIOLATIOHS = 3

STATISTICAL, AMALYSIS

GROUP = AIL
AV DELTA ol 0.6 STANDARD DEVIATION = 5.6
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* Power Balance (W)

Meceasured Orbit Model Pre=Test Model Post Test Model Post Test Model
Average | Component Dissipation 2 Heater Estimate
Instrament Hot'T'B Cold'I'B .]lin—‘)G " TB.hot TB.cold TB.hot TB.cold TB.hot TB.cold
MISR 74.8 80.1 77.9 55.4 55.4 55.4 55.4 22.3 25.1
Note 1 See data at end of Instrument correlation seclion e
Notle 2 Does not contain heater power eslimale, i.e., lo calculate tolal power in model, add the corresponding "Dissipation”

and "Healter Estimate” columns.

e Discussion of Results

—

Good agreement between model and test has been achieved:

——Hol TB : Mean AT = +1.6 °C, standard devialion < 6 °C
—~Cold TB: Mean AT = +0.6 ”C standard deviation < 6 °C

Mean deviation values indicate that a good thermal balance has been achieved (for the pomts

selected). The slightly high standard deviation refects the impact of steady-state modelling (orbit
averaqe) of a transientlv oneratina Instrument. as well as the influence of three sr)ecmc pmntq

hatlinal Rl J Al BaRing AV Y N R R RAYS N 3 LI WY

TTgG:} TT067 and TT070 which exhibit ATs in excess of 5 0C These points are located on radlatoré
and a cover,

— The unpressed dissipation alongwith predicted heater power exceeds the measured power by

2l 9vy in Hot TB and 0.4W in the Cold TB. These values are acceptable, based on the accuracy of
tne neater power predictions, measured/averaged teiemetry vaiues and the orbit average
variations.
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MODIS Correlation Results A

N
LOCKHEED MARTI /7/

* Model Configuration
-~ MODIS model: Version 6 Hot Case.

— Selecled Operational (Science) mode
* Model Changes

— Activated Model Heaters
— Distributed Space couplings among thermal vacuum sinks

— Changed node # 43049, Space View Port, from a boundary to an arithmetic node per previous S/C
model practice.
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MODIS Correlation Results

LOCKHEED Mn'nruvﬂ/

e Temperalure Comparison Test/Predicts

CORREIATION RESULTS. FROM
CASGE L HOT2 BALANCE PLATEAU

GROUP {17 17 MODIS TiM

SEHSOR DESCRIPTION | TEST | PREDICT Inr LT P-T | FLAG

________________________ | et B i Rttt EET IR PP
TEIOL MF_CALIBKHD_SR =9.0 -7.1 1.9
TPI02 NFCVR_op_BR ~9.0 -0.0 1.0
TITO3 MF_TOP_BY_KM), -7.0 ~6.0 0.2
TrI04 ME_TOP_HY_KM2 =5.0 -6.1 -1.1
TPLOS HETOP_BY_KM3 -9.0 =-7.1 L.9
TEI06 MF_YZ_CALBKHD -23.0 -7.1 15.9 *
TEIOT MF_7_Bkib_pn -18.0 -6.9 11.1 *
TITO8 TR_FOLD. MR ~-1L.0 ~6.9 1.1
TIO9 TR PRT_MIR -10.0 -6.9 i
TTLLO TESEC MIR -11.0 -6.9 4.1
TPLLL AO_P7_H7_CORN -13.0 -8.9 4.1
VP2 AO_PZ_BY RC ~16.0 -8.9 7.1 *
) COTPELY AOTVHDICH 156G =120 -8.9 3.1
LY LY AD SMIR ] ~13.5 ~8.9 4.6 :
TPELS AO TWIR 5 =5 ~8.9 5.6 ’
TELLG AO_VIS_FPA -12.0 -8.9 3.
TELLT AO NIRRT PPA -11.0 -0.9 2.1
TEVLY HE PSRADIATOR 1.0 ~5.7 ~6.7 *
TPL20 PYSAM_RADIATOR =7.0 0.9 7.9 *
TrI21 PCFAM_RADENTOR -3.0 -3.3 -0.3
TEL22 PC_CLAM_MHT -4.0 -3.2 0.8
17123 ME_CHAS_TOP ~7.0 =5.7 1.3
TTE24 ME_NX_IPS TR -9.0 -5.7 3.3
TT126 SA_RCTI_MIR ~10.0 -4.8 5.2 *
TIrL27 SA_RCT2_MIR -10.0 -4.8 5.2 *
HUMBER OF VIOLATIONS = B
STATESTICAL ANALYSIS
GROUEP = AL
AV DELTA = 3.5 STANDARD DEVIATION = 4.2

P

CORRELATION RESULTS FROM
CASE 2 COLD BALANCE PLATEAU

GROUP § 17 17 MODIS TIM

SENSOR DESCRIPTION | TEST | PREDICT |DELT P-T | FLAG

_____________________ U U S S
TPLOL MP_CALDKID_SI -12.0 -9.3 2.7

02 MF_CYR_O_8R -12.0 -10.3 1.7

TILO3 ME_TOP _HY_KML -9.0 -8.9 0.1

T'F104 MF_TOP_BY_KM2 -7.0 -8.0 -1.0

1TI105 ME_TOP_BY_KM3 -9.0 ~9.2 -0.2

Tr106 MF_YZ_ CALBKHD ~208.0 -9.2 18.8 *
TTLO7 MF_2_BRUD_BB ~22.0 -9.1 12.9 *
PrLos TE_FOLD MIR ~14.0 -9.0 | 5.0 *
ITL09 TR _PRT_HIR -14.0 -9.0 5.0 *
TLLIO T SECTMIR -15.0 -9.0 6.0 *
TPIL AO_P7_H7_ CoRN ~16.0 -10.9 5.1 *
TrLL2 A0 P RY RC ~16.0 -10.9 5.1 *
TUELI A0 VIICH NS =16.0 -10.9 5,1 *
TULIA AO_SHIR LENS -16.5 ~10.9 5.6 *
TELTS AO_TLWIR LENS -17.5 -10.9 6.6 %
TEILG AD VIS FPA -15.0 -10.9 1.1

TPIIT AD_MIRFPA ~11.0 -10.9 3.1

TrLLY MEPSRADIATOR 1.0 ~1.3 -0.3 *
TII20 PYSAM_RAD IATOR ~9.0 -0.9 8.1 *
TTL21 PCEAM_RADIATOR -5.0 -5.2 -0.2

111 22.PC_CLAM_MNT -7.0 -5.2 1.8

TT123 MFE_CHAS_TOP -9.0 -7.3 1.7

TII24 MF_BX_BTSINK -9.0 -7.3 1.7
TrL26 SA_RCTL MIR -13.0 -7.0 6.0 *
TT127 SA_RCT2_MIR -13.0 -7.0 6.0 *

HUMBER OF VIOLATIONS = 14

STATISTICAL AHALYSIS

GROUP = ALL

AV DEL'TA = 4.1 STANDARD DEVIATION = 5.0
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e Power Balance

Measured Orbit Model Pre="Test Model Post Test Model Post TCS} I\:IO(]Cl
Average ! Component Dissipation 2 Ieater Estimate
Instrument Hot'I'B Cold TB Jun-90 TB.hot TB.cold TB.hot TB.cold TB.hot TB.cold
3
MODIS 106.9 171.9 125.7 134.8 134.8 134.8 134.8 03 0
Note 1 See dala al end ol Instrument correlalion section . - "Dissipation”
Nole 2 Does not contain heater power estimate, i.e., lo calculale {otal power in model, add the corresponding "Dissipation
and "Heater Eslimate” columns.

Nole 3 See Discussion on healer power
e Discussion of Results

— MODIS summary results:
——Hol TB : Mean AT = +3.5 °C, standard deviation <5 °C
— —Cold TB: Mean AT = +4.1 °C, standard deviation <5 °C
— Standard deviation numbers appear to acceptable, however, mean deviations are high.

— Measured power exceeds modelled dissipation by 32.1W and 37.1W for the Hot and Cold TB
respectively. This is not the expected trend, given that the model predicted temperatures are
predicting higher temperatures than the test.

— The key to understanding the performance of the MODIS thermal model is the energy balance, in
particular the power signatures of the 4 MODIS heater circuits.

— — Black body heater: nominally 30W. :
— - Cold stage outgas heater: nominally 20W. According to MODIS, the power draw of this heater could

be as much as 27W. .
— —Inlermediale slage outgas healer: nominally 44W. Actual range 37-42W depending on power supply

elficiency.
— —OQuler Slage oulgas heater (nominally 60W)

. — The outer stage outgas heater was disabled during Hot and Cold TB

~ The other three were enabled with the following duty cycles:

' — —Black body heater: 20% .. Orbil average 6W (all internal)
— —Cold stage outgas heater: 30% .. Orbil average 6W (1W internal, 5W external)
— —Inlermediale slage outgas heater: duty cycle unknown. ' EWG 01
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MODIS Correlation Results

LOCKHEED MARTIN%

— Reviewing current telemetry (see next pages), there are a couple of fluctuations which could

correspond 1o the intermediate stage outgas heater value (~40W). There are also some at 35W.
Temrerature telemetry indicates that the temperature was near to the set point of the heater
(318K), and therefore it should have been on at some duty cycle. For this heater 15% of the power
is internally dissipated, and 85% externally.

-~ Given the uncertainty of this heater, three scenarios are postulated:

1. Heater is 100% on. Indicated power is (approx) 135+6+6+40 = 187W (20W above measured
value)
Heater is off. Indicated power is (approx)135+6+6 = 147W (20W below measured value).
Heater is on at TBD duty cycle. Duty cycle would have to be near 50% to balance power.

~ In scenario 1., the assumption that the heater is on would mean that the dissipation used by the

model is too high (and should be reduced, resulting in lower predicted temperatures and thus
better agreement between test and model).

2.
J.

v} — In scenario 2., the assumption that the heater is off would mean that the dissipation used by the
model is too low (and should be increased

, resulting in higher predicted temperatures and thus
larger differences between test and model). '

— In scenario 3., the assumption that the heater is at a TBD duty cycle could achieve a better power
balance, however question on temperature levels still exists.

— In conclusion, it would appear that there is insufficient current/htr status telemetry to accurately

validate the MODIS RTM. Further investigation by the Instrumenter and/or by using the MODIS
detailed TMM may be required to fully resolve this issue.

* Itis important that this model work well to assist in radiator close—~out studies.

The delivered MODIS RTM appears to be predicting
consistently about 4°C higher than test
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MODIS Correlation Results
Current Telemetry
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MODIS Correlation Results
Current Telemetry

(W)
@
ol Y-axis 0=146.4W
- Peak #1 =33W
i fl— . Peak #2 =36W
. Peak #3 =32W
& == e ~ Peak #4 =33W
3 0 |- i '
\ Bl AT — Note approx 12W drop in level at
1 ~ 30.8. Increases again at 31.9
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MOPITT Correlation Results i

* Model Configuration
— MOPITT model: Version 6 Hot.
—~ Operational (Science) mode selected
e Model Changes
— Activaled Model Heaters
— Distributed Space couplings among thermal vacuum sinks

~ Increased Model power by 33.7W per MOPITT team direction. Pre—test dissipation was 270W.
Initially (post-test) changed to 212.3 W as per discussion with MOPITT team.

Component NODE Q old Q correl Component NODE Q old Q correl
N (W) " (W) (W) (W)
‘ PSM 44015 44.9 50.0 CDE 44072 27.3 33.10
Harness 44016~ 1.48 nc Scan Molors 44079 0.0 - nc
Harness 44089~ 0.03 nc Compressors 44083 36.04 59.80
Blackbodics 44057~ 0 nc Displacers 44084 [.10 nc
ICM 440065 11.0 nc Choppers 44085~ 10 inc
PLDM 4400606 9.5 ne LLMCs 44108- 0 ne
SCDOM 44067 7.9 ne PMCs 44112~ 6.9 nce
TCMM 44008 1.8 ne PMC Sicve 44114 3.2 ne
PCDM 44069 1.3 : ne PDM 44123 3.5 ne
SPM1 44070 .9 e
. SPM?2 44071 1.9 ne Total 212.3 246.0

nc = no change
e Telemetry Changes

— Added 8 telemetry points to the correlation: TT300-305, TT308/309 (see comparison table{zwG o5



MOPITT Correlation Results

» Temperature Comparison Test/Predicts

CORREDATION RESUL/US FROM
CASE L 1HOT2 BALANCE PLATEAU

GROUP § 15 15 MOPITT TIM

SEHSOR DESCRIPTION | 1EST I[mmn(wluum[’Tl FLAG
TEOBL MOP_THHDUBPMAX 19.6 18.7 -0.9 |
TEOB2 MOP UDBDUDPMIN 21.1 18.5 -2.6
TIOBI MOP PO PSMA 2.3 9.7 7.4 *
TIOBA MO DRI PEMD 6.7 9.7 3.0
TIOBS MOPED_Bein_ 1 16.5 18.0 1.5
TIO8G HOP_TD_BULT 2 19.4 19.1 -0.3
TIOG7 MOP TN BPLT 3 19.0 18.1 -0.9
TROBA MOP T PSM 2.5 9.7 7.2 *
TIIOO SCANZ MTR 23.0 23.7 0.7
\ \. 301 TSCANI MIR 23.6 23.7 0.1
. 1302 TSPACE BAFFLE 10.6 11.7 1.1
1303 TSPACE_MOTOR 1.5 11.5 0.0
TEINA TEARTIC BAFFLE 10,7 10.6 -0.1
TEI0S TEARTIT MOTOR 4.5 9.4 0.9
TEI0B CHOP2 MR 23.2 20.8 -2.4
11309 "CHOP3” MR 21.7 22.4 -1.3

HUMBER OF VIOLATIONS = 2

STATISTICAL ANALYSIS

GROUP =~ ALT,

AV DELTA - 0.8 STAHDARD DEVINIION = 2.9

SEHSOR DESCRIPTION I

CORRELATION RESULTS FROM

CASE 2 COLD BALANCE PLATEAU

GRrRoup # 15

—

77081
T'ros2
Tron3
1reosa
Tross
1086
71087
TT088
1300
T™'301
7302
T'303
1"r304
"'305
7308
1r309

MUMBER Ol" VIOLATIONS =

MOP_'TDBDUBPMAX
MOP_TDHDUBPMIN
MOP_TDBDU_PSMA
MOP_TORDU_PSMI
MOP_rh_BPLT 1
MOP_'ID_BPLT_2
MOP_'TD_BPLT_3
MOP_1TD_PSM
_GCAHZ_MTR
TSCAN3_MTR
TSPACE_BAFFLE
“YPACE_MOTOR
TFARTH_BAFFLE
EARTHIHOTOR
TCHOP2_MIR
TCHOP3I_MTR

GROUP = AId
AV DELTA -

STATISTICAL AHNALYSIS

15 MOULTT TLM
TEST | PREDICT |DELT P-T | FLAG
————— + +
18.9 18.7 -0.2
21.1 18.5 -2.6
0.6 7.9 7.3 *
5,2 7.9 2.7
15.8 18.0 2.2
19.2 19.0 -0.2
19.0 18.1 -0.9
0.9 7.9 7.0 *
21.8 23.7 1.9
22.3 23.7 1.4
9.5 11.6 2.1
10.5 11.5 1.0
9.0 10.5 1.5
6.8 9.1 2.3 .
22.6 20.8 -1.8
22.8 22.3 -0.5
2
.4 STALDARD DEVIATION - 2.7
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MOPITT Correlation Results
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* Power Balance (W)

Measured Orbit Model Pre=Test Model Post 'Test Model Post Test Modcl
Average 1 Component Dissipation 2 Heater Iistimate
Instrument Iot'I'B Cold TB Jun-96 TB.hot TB.cold TB.hot TDB.cold TB.hot TB.cold
MOPITT 228.4 227.2 275.0 270.0 270.0 246.0 246.0 0 0
Note 1 See dala at end of Instrument correlation section . T
Nole 2 Does not contain heater power estimate, i.e., to calculate total power in model, add the corresponc_hng Dissipation

and "Iealer Estimate" columns.
¢ Discussion of Results

~ Overall, good agreement between model and test has been achieved:
——HolTB : Mean AT = +0.8 ', standard devialion <3 °C
——Cold TB: Mean AT = +1.4 °C, standard deviation < 3 °C

— The impressed dissipation exceeds the measured power by 17.6W in Hot TB and 18.8W in the Cold
TB.

— General temperature level predicted by the model is high; probably resulting from the higher than
measured dissipation. Specifically, the PSM temperatures (TT083 & TT088) are over-predicted by
7 °C in both Hot and Cold TB, indicating either nodal/telem position issues and/or too high model
dissipations. This should be evaluated further by the MOPITT team.

W)

Overall good agreement between model & test. Need to resolve
PSM modelling/dissipation issue.
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» Telemelry Changes

.2 Hot Case

1 version 6 Hot Case

— Added telemetry points to the correlation (see comparison table)
IR version

w}Model Changes

“

— Activated Model Heaters

— Distributed Space couplings among thermal vacuum sinks

— Determin

FWG -- 08
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e
TB.hot (2—orbit Observation) TB.cold (Standby)
Component NODLE Qold (W) | Qcorrel (W) Q old (W) Q correl (W)
Csp 45720 16.2 [5.6 16.2 3.6
45731 8.4 8.1 8.4 7.1
45732 0 e 0 fiic
MPS 13 45600 27.6 0 27.6 0
45605 3.4 0 3.4 0
MPS A/ 45602 0.71 ne 0.71 e
45603 0.71 ne 0.71 nc
MPS A 45601 0 16.9 0 16.0
45604 0 2.1 0 2.0
N VEL 45820 1.8 ne 1.8 8.2
Vo 45851 10.4 ne 10.4 8.8
VSR 45010 0.04 nc 0.04 0
45030 0.01 ne 0.01 0
451060 0.60 1ne 0.60 0
SWIR 45250 26.4 e 26.4 26.0
45260 (1.9 12.0 1.9 I1.4
45270 1.2 1 11.2 3.4
45280 32.3 n 32.3 ne
45301 .08/ ne 0.084 0
TIR 45513 27.6 31.9 27.0 ne
45514 8.4 ne 18.4 nc
. 45515 27.0 319 27.6 nc
" 45530 0 1.09 0 ne
N 45562 EX e 13-4 nc
Total 253.8 250.7 253.8 227.2
nc = no change
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ASTER Correlation Results i

RTIN
LOCKHEED MA ///

P

CORRELATION RESUI/S MROM

The [ PLATE

CASE 1 1OT2 DALANCE PLATEAU CORRELATION RESULTS FROM
CASE 2 COLD BAGLANCE PLATEAU

GROUP ¥ 19 19 TIR TLM
GROUP ¥ 19 19 TIR TIN

SENSOR DESCRIVPION | TEST | PREDICT |DELT P-T | FLAG

______________________________ Lt T et B B it
TEI00 NEACKIONT PP 14 SENSOR DESCRLPTION | TEST | PREDICT |DELT p-T | FLAG
: Sk : - : —— -— v Jomm - 4

TIRE VRLESCOPE . 2. .

PR ‘.;(.N,Nf,fr:):( ,’: ',9, 8 2; ? :; ? R TrEgo PraACKnOny -4.,0 -2.6 1.4

BELRT RADATOR -1 1 A . T TELESCOPE A 19.0 20,6 1.6

WPLRT BASEDLATE 1970 210 1o TTLB2 SCANMOTOR A 5.0 -1l.8 6.0 »

IS COOLER CT1, A 25.0 2.7 0.3 TE181 BASERLATR 1900 Eit b '

TITHG 15T HUIRROR 21.0 22.6 1.6 Trins easERLATE : e o

T1T87 2HD MIRROR 15.0 22.6 7.6 * ITL05 COOLER CTL A 24.0 23. 2

TG TELESCOPE 1) 17.0 22.6 5.6 ) LrLG 15T MIRROR 21.0 20.6 .1 94

TELRY LENS HOLDER 19,0 21.5 3.5 PriuT2nn H1RROR 15.0 20.6 20 ’

TIT90 CHOPPER HOTOR 17.0 2.7 7.7 ' T 5 e e

WL AN 200 A P TLLO9 LENS HOLDER 17.0 20,0 3.0

W92 AND2 1970 549 5 9 . TT190 CHOPPER MOTOR 15.0 23.5 8.5 »

193 AMPI 19 0 547 A R TT191 AMPL 17.0 23.5 6.5 *

101 AMPA o 547 P \ TT192 AMP2 16.0 23.5 7.5 *
VY o5 aues 20.0 24.7 4.1 IT193 AMP3 16.0 23.3 7.3 .

ITLO6 AMPG 20.0 24.7 4.7 Tr191 nmpd o0 ESOr I A .

19T SIGPROCESRY 25.0 24.7 -0.3 oo MbS 8.0 2e e

TEEOB S IGPROCESR2 24.0 24.7 0.7 rrise awes 19.0 3.2 :

98 SORHINY Dot 510 57 09 197 STGPROCESRI 2.0 23.5 -0.5 .

PI200 OPER. DS 55,0 2.7 03 17198 SIGPROCESR2 23.0 23.5 0.5

0201 CLROUTL 530 538 08 17199 .STANDBY PS 23.0 23.5 0.5

T1202 CLROUT? 23.0 23.0 0.8 FT200 OPER PS 20.0 23.5 32

1203 CLROUT3 24.0 24.5 0.5 1'r201 CLROUTL 22.0 2.2 12

TI204 COOLER CTLR 24.0 24.7 0.7 Tr202 CLROUT2 22.0 3.2 -2

11205 RADINTORL -21.0 -30.3 -9.3 * yro0d CLROUTS 23.0 23.0 o

1206 RADIATOR? -33.0 -37.9 -1.9 Tr201 COOLER CTLR 2.0 23.5 '

W07 SCMI L | 20 013 To3 TT205 RADIATORL -21.0 -30.9 9.9 *

PIA08 SCRN CTIR 5270 Y 003 TT206 RADINTOR2 -33.0 -38.3 -5.3 »

TI209 SCAN MIRROR 1.0 =5.1 -6.1 ’ P07 SCAN CTLR 1 19.0 23.5 1.3

TR0 SCAN HOTOR I 570 b “1o'1 . 1208 SCAN CTLR 2 19.0 23.5 4.5

B 1L BLK DY LR 20 217 27 I"T209 SCAN MIRROR -5.0 ~11.8 ~6.8 )

S - o TT210 SCAH MOTOR B 1.0 ~11.8 ~12.8 *

HUMIGR. OF VIOIATIONS = 11 TE21L BUK BDY CTIR 21.0 23.5 2.5

NUMBER OF VIOIATIONS = 13
STATISTICAL ANALYSTS
_____________________ : STATISTICA, ANALYSTS
{ GROUP = ALL
AV DELTA -~ 0.9 STANDARD DEVIATION = 4.7
GROUP = AL
AV DELTA = 1.2 STANDARD DEVIATION = 5.2
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ASTER Correlation Results

* SWIR Temperature Comparison Tesl/Predicls

SEHSOR DEsCrIPTION
________________________ ' ._-._.._._....-.u.'.

TS50
s
LG 2
TS
54
PSS
TrL56
™'.57
LS8
\TTLS9
\-ﬁwtﬁn
LG
TG
TLG3
164
TGS
P66
1Tr167
Tr6a
LG9
.70
I
TR
L7

HURMBER OF VIOLATIONS =

oROWM -

CORRIBLATION RESULTS FROM

CASE

GROUP

COVERLD PX
COVER2I MX
COVERIB 0%
RADEATOR 1
COLLECTOR L
COLLECTOR?
AMP_DERIAR_A
TEM_CMD B
RAUITATOR_A
COVER2A_IX
COVERIN_ PX
COVERIA b2

STRUCT

BLE_CIR2
COMP 1
FLHGEIR_ B
AMP_DEHAR_B
COMP_ A
FLHGER A
DRIVER
PROCESSOR
PLM_CHI_ A
CAL

L 1012 BALANCE

18 SWIR TIM

PLATEAU

STUNTTSTICAL AUALYS TS

AT,

AV DELA

STANDARD DEVIATION ~ 3.

TEST | PREDICT |DELT -1 | FLAG
e 1
21.0 18.7 -2.3
8.0 18.8 0.8
1.0 -8.7 -12.7 *
20,0 14.7 -5.3 *
19.0 19.5 0.5
21,0 19.5 -3.5
29.0 19.5 -9.5 *
231.0 21.4 ~-1.6
26.0 24.5 -1.5
22.0 168.8 -3.2
24.0 18.7 -5.3 *
3.0 ~8.7 ~-11.7 x
21.0 19.5 ~3.5
23.0 21.4 ~1.6
26.0 25.0 -1.0
3.0 25.6 -5.4 *
29.0 19.5 -9.5 *
29.0 19.5 -9.5 %
20.0 25.6 -2.4
29.0 19.5 -9.5 *
26.0 21.4 -4.6
27.0 214 ~5.6 *
3.0 21.4 -9.6 %
24.0 21.4 2.6
11

CORRETATION RESULTS FROM

CASE 2 COLD BALANCE PLATEAU

GrROUP # 18

SEHSOR DESCRIPTLION

18 SWIR TLM

TEST | PREDICT |DELT P-T | FLAG

TIL50 COVERLD_PX
TULSL COVER2B MX
TI152 COVER3D_PZ
153 RADIATOR R
TI54 COLLECTOI
TEL5S COLLECTOR?
TIL56 AMP_DEWAR_A
TT157 TIM_CMD_DB
1'T150 RADIATOR A
17159 COVER2A_NX
TT160 COVERIA_DPX
TT16] COVERIA_PZ
11162 STRUCT
TP163 ELE_CIRL
TTL64 BLE_CIR2
TTL65 COMP_B
TT166 FINGER B
TIL67 AMP_DENAR D
L6 COMP_A
TFI69, FINGER A
11170 DRIVER
TrL71 PROCRESSOR
TULT2 PIM_CMD_A
LT3 CAL

HUMHER OF VIOLATIONS

STATESTICAL ANALYSILS

GROUP == AL,
AV DELTA -

+

__.....4..* ‘__

23.0 18.1 -1.9
18.0 18.2 0.2

2.0 -10.6 ~12.6
17.0 13.2 -3.8
18.0 19.0 1.0
22.0 19.0 -3.0
27.0 19.0 -8.0
24.0 20.7 -3.3
23.0 24.0 1.0
23.0 18.2 -4.8
27.0 18.1 -8.9

1.0 -10.6 ~11.6
23.0 19.0 -4.0
23.0 20.7 ~2.3
25.0 24.9 ~0.1
1.0 25.5 -5.5
26.0 19.0 -7.0
25.0 19.0 -6.0
27.0 25.5 ~1.5
27.0 19.0 -8.0
23.0 20.7 -2.3
23.0 20.7 -2.3
29.0 20.7 -p.)
23.0 20.7 -2.3
9

.5 STANDARD DEVIATION =

.7
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* MPS/CSP/VEL/VSR Temperature Comparison Test/Predicts

- rrmrrevyRiTer

CORRELATION RESUIES FROM CORRELATION RESULTS RO
CASE 1T HOUZ2 BALANCE PLATEAU CASE 2 COLD BALANCE PLATEAU

GROUP I 16 16 ASTER (NO TIR/SWIR) 'TLM GROUP # 16 16 ASTER (NO TIR/SWIR) TLM

b
-

SEHSOR DESCrRiprion | eest | PREDICT {DELT P-r | FLAG SENSOR DESCRICPTION | TEST | PREDICT |DELT P-T | FLAG
——————————————————————————— T el I e B e e e e e e | e e e
TTIO0 MRS PSC 7.0 8.5 1.5 TTI00 MPS BSC 3.3 4.0 0.7
TTO90 CSP HCE 6.0 10.8 4.8 TT090 CSP HCE 2.0 5.2 3.2
EO91 CSI PSU B/) 6.0 11.4 5.4 * TT091 C5p PSU B/1 2.0 5.8 3.8
TrO92 CSP s A/2 7.0 9.7 2.7 092 CSP PSU A/2 3.0 4.2 1.2
TIO9Y CSP OREF T 5.0 9.0 4.0 TTOY3 CSP REF PT 1.0 3.5 2.5
TTO94 VSR_NADIR 1.9 23,3 4.4 TT094 VSR_NADIR 19.2 23.3 1.1
TTO9S VSR_SCOPE(H) 2 22.0 23.3 1.3 U5 VSR_SCOPE(N) 2 22.0 23.3 1.3
096 VSR_SCOPE(N) ). 3.0 16.7 13.7 * TT096 VSR_SCOPE(N)1 1.0 16.2 15.2 *
1097 VSR_BACKWARD 19.4 23.3 3.9 Tr097 VSR_BACKWARD 19.2 23.2 4.0
11098 VSIU SCOPE(D) 2 22.0 23.3 1.3 TTO98 VSR_SCOPE(B)2 22.0 23.2 1.2
099 VSR SCOPRE(D) 1 1.0 16.5 15.5 * 11099 VSR_SCOPE(B)1 -2.0 15.9 17.9 *
TFI20 VSR_HOTOR 16.0 17.7 1.7 ‘ 17320 VSR_MOTOR 17.0 17.4 0.4
TTI2L VSR SIAFTL 18.0 22.7 4.1 321 VSR_SHAFTI 18,0 22.6 4.6
TE32D VSR_SHAEY) 18.0 22.7 1.7 320 VSR_SHAFT2 19.0 22.6 3.6
P23 VSR_BHCODER 15.9 20.5 1.6 T'r323 VSR_FNCODER 15.9 20.4 4.5
TU324 VSR_PREAMPL 7.0 1.5 7.5 4 11324 VSR_PREAME L 3.0 7.1 4.7
TEI25 VSR PREAMP? 9.0 8.7 -0.3 TT325 VSR_PREAMP2 5.0 7.7 2.7
TEI26 VSR_MONUITORAMP 6.0 8.7 2.7 11326 VSR_MOHITORAMP 5.0 7.7 2.7
T1327 VSR_LOCK 15.1 19.6 4.5 TT327 VSR_LOCK 15.1 19.2 4.1
TrI20 VEIL,_VPSE2/VSP?2 4.0 15.6 11.6 * TT328.VEL_VPS2/VSP2 -2.0 1.9 6.9 *
TI3I29 VEL_VPS1/VSPL 1.0 15.6 11.6 * 17329 VEI,_VPS1/VSPL -3.0 1.9 7.9 *
TI330 VEIL_VHC TEMP 1.0 15.6 11.6 4 17330 VEL_VHC 'PEMP ~2.0 4.9 6.9 *
TrI3l VEL _VEL PLATR 5.0 15.6 10.6 * 1331 VEL_VEL PLATE -1.0 4.9 5.9 *
T332 VI,_RLECTRORAD 2.0 13.1 11.1 * 11332 VL_ELECTRORAD1 -5.0 2.7 1.7 *
Tr333 _VELRALIAT RAD2 2.0 12.9 10.9 * T1333 _VELRAIAT RAD2 ~4.0 2.6 6.6 *
HUMDER OF VIOLATIONS = 10 HUMDER OF VIOIATIONS = B

STATUSTICAL MIALYS TS STATISTICAL AHALYS LS
GROUP = AL, GROUP = ALL
AV DELTA - 6.2 STANDARD DEVIATION = 1.5 AV DELTA - 5.0 STANDARD DEVIATION = 4.1

EWG - 102



ASTER Correlation Results

CKHEED MARTIN ///'
LO /

* Power Balance (W)

Measured Orbit Average Modecl I're=Test Model Post Test Model Post Tcs1t I\flodcl
Component Dissipation 1 Heater Estimate
Instrument Hot'I'B Cold TB Jun-96 TB.hot TB.cold TB.hot TB.cold TB.hot TB.cold
ASTER 274.6 254.7 253.8 253.8 250.7 227.2 32.6 36.3
TIR 2 81.9 81.9 82.0 78.1 6.7 7.0
SWIR ? 92.0 92.0 101.7 92.0 7.6 10.0
csp? 24.6 24.6 23,73 20.7 3 0 0
MPS 2 32.4 32.4 21.43 19.4 3 0 0
VIiL 2 22.2 22.2 22.2 17.0 0 0
VSR 2 0.7 0.7 0.7 0 18.4 20.8
{\lote 1 Does not contain heater power estimate, i.e., to calculate total power in model, add the corresponding "Dissipation”
Y and "Heater Estimate” columns. -
Note 2 Broken out seperately (included in ASTER totals)
Nole 3 Measured directly from telemetried current

¢ Discussion of Results

— ASTER TIR: Overall, good agreement between model and test has been achieved:

——Hot TB : Mean AT = +0.9 °C, standard deviation < 5 °C
——Cold TB: Mean AT = +1.2 °C, standard deviation 5.2 °C
— —Inslrumentor satisfied with results : see response in Attachment 3
— ASTER SWIR: High mean deviation values require further study by Instrumenter (check RTM and
delailed ASTER thermal models) :
—=Hol TB : Mean AT =-5.0 °C, standard deviation < 4°C

~—Cold TB: Mean AT = -4.5 °C, standard deviation < 4 °C
——Good standard deviation. High meari devialion indicating that the Instrumenter should evaluate

b (provided) impressed dissipation (too low?) and/or model inconsistencies.
— —Inslrumenlor satisfied with resulls : see response in Altachment 3
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— Other ASTER components: Mixed results requiring further study by Instrumenter (check RTM and
detailed ASTER thermal models):

—=Hol TB : Mean AT = +6.2 °C, standard devialion < 5°C

——Cold TB: Mean AT = +5.0 °C, standard deviation < 5 °C ,

——MPS, CSP & VSR predicts appear to agree fairly well with test values, with the exception of 2 VSR
Scope nodes. VEL temperature predicts are on average 10°C warmer than test. Instrumenter should
evaluate should evaluate impressed dissipation and/or model inconsistencies.

~ The impressed dissipation and estimated heater power exceeds the measured power by 8.7 W in
Hot TB and 4.9 W in the Cold TB. This is higher than we would like, and indicates that some
changes imay be required to the (instrument—provided) impressed dissipations

~ Inthe ASTER SWIR RTM, 3 of the 5 heaters are not modelled. Further discussion with the
Instrumenter is required to resolve the impact of these heaters.

1)

| Good agreement with parts of ASTER model achieved, Instrumenter gener-
ally satisfied with the results
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Conclusions & Recommendations
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» EOS-AM S/C Thermal Balance Test successful in verifying S/C TMM

o Correlation goals for the most part met

* No major S/C TMM changes indicated

» Hardware impacts limitted to additional MLI on Propulsion Module Lines.
* Instrument RTMs for CERES, MISR and MOPITT appear in good shape

* Feedback from Instrumentor required on:

— ASTER: Uncertainty on heater operation on SWIR. Further discussions with Instrumenter will be
held to resolve open issues.

-~ MODIS: Power i##'s do not appear to balance. Further discussions with Instrumenter will be held to
resolve open issues.

« roper TCS hardware performance verified, except for;
— Minor CPHTS operational issues were identified and will be fixed for flight

— HCE-2A anomaly (heater on/off status) which will not impact on—orbit operations (see
EOS-TH-898)

— HCE-5A anomaly (Battery voltage monitoring) which will not impact on-orbit operations (see
EOS-PWR-556A)

e All lest dala and photographs on file at LMMS and available for quick turn—-around review

» Based on the successful conclusion of the test correlation, the next phase in the process (update S/C
flight predicts) is ready to begin.

‘ ,.

. Correlation of TCS TMM successfully completed, and TCS performance successfully .
demonstrated during S/C TV/TB Testing
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